Simple constraints analysis, as taught to most aerospace engineering students gives little guidance as to exactly which design point should be selected. There is a recent body of work that attempts to solve this for initial designs, without having to fully size the new aircraft concept. The best of these focuses on maximizing a 'Range Parameter' which leads to minimizing gross weight for transport aircraft. However, this is not guaranteed to maximize the value of the new design. This paper presents a corresponding surplus value parameter which is design to provide just that capability. Furthermore, it shows that in at least some cases the resulting optimum design point will shift from that suggested by the range parameter.
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I. Introduction
The use of a thrust-to-weight vs. wing-loading constraints diagram is a standard way for aircraft conceptual design explorations to be launched. Historically, this has been attempted to assist in getting a good initial condition via which an aircraft can be sized and synthesised. One of the issues with the standard constraint analysis is that any measure of goodness is inherently crude, minimise T/W and maximise W/S. Further, it is nearly impossible to select and initial design point for some aircraft types as no trade between T/W and W/S can be determined from the information contained. One solution to this is to periodically revisit the constraint diagram after actually sizing the aircraft, producing contours or thumbprints on the constraint diagram or a similar Thrust vs. MTOW chart 1,2 . McDonald 3 identified a significant problem with this in that one has to actually size the aircraft to produce these charts. As such this requires some level of parametric sizing capability such as that provided by programs such as NASA's FLOPS 4, 5 . In order to alleviate this issue some authors have proposed using L/D 6 and M(L/D) 3, 6 as a surrogate for the sized aircraft. However, these only consider the aerodynamic performance of the aircraft. McDonald 3 further proposes the use of either a Range Parameter (RP) and/or Endurance Parameter (EP). The RP approach, which also includes that ability to estimate the optimum cruise speed and altitude. This approach is typically based upon selecting a simple and straightforward weight fraction for the cruise, McDonald used 0.8 3 . However, while this may make sense for simple sizing to minimize MTOW at a maximum range and payload it does not represent the reality of how aircraft are typically operated, in shorter range and payload conditions 7 . This means that for many operations the applicable cruise weight fraction may actually be a fair bit lower.
Further, while the RP and EP measures may lead to aircraft that have the lowest possible MTOW for the design, they do not guarantee the best possible value to either the operator or manufacturer. To ensure this it is necessary to use a more 'sophisticated', value-driven approach [8] [9] [10] [11] . The value approach looks at both the traditional performance of the aircraft and the actual operating environment, including maintenance, manufacturing and design and development considerations into account.
II. Background
The development of a surplus value parameter for use in very early conceptual design is based upon the prior work of developing a range parameter, plus the principles behind conceptual cost modelling and surplus value. In order to progress further it is necessary to identify and understand each of these.
A. Range Parameter
McDonald 3 defined the Range Parameter (RP) in terms of the different characteristics of the conceptual aircraft. Normally, performance codes use the Specfic Range (SR), shown in Eq. 1, to illustrate the instantaneous efficiency of the entire flight vehicle as a specific flight condition. While the SR is quite useful, the appropriate flight conditions are not always something that is known apriori in the conceptual phase.
ܴܵ ‫ؠ‬
What is more often known, at least for the unconstrained cruise operations, in conceptual design is the thrust specific fuel consumption (ܿ ் ) and the cruise lift-to-drag ratio ‫ܮ(‬ ‫ܦ‬ ⁄ ). Expanding from the range equation, see Eq. 2, it is possible to pull out the performance parameters in the form of the RP,
The units of the range parameter are in terms of pure distance, i.e. that is how far the aircraft can be flown for the natural log of the inverse of the weight fraction.
In addition to the range parameter McDonald 3 also proposed an equivalent formulation for endurance, the Endurance Parameter (EP). This is shown in Eq. 4.
‫ܲܧ‬ ‫ؠ‬ ଵ
McDonald fully investigates the different uses and permutations of the range and endurance parameters, most of which while useful, are beyond the scope of this paper. This paper will restrict the use of range parameter to the case where Mach and altitude can be optimally chosen at all times.
B. Surplus Value
Surplus value (SV) has been well defined by several previous authors. This paper uses the same basic form first described by Collopy 12 and formalised by Hollingsworth 11 . This form is given in Eq. 5.
Hollingsworth 11 goes into detail regarding the calculations of discount multipliers, ‫ܦ‬ & ‫ܦ‬ . However, the simplest form of the discount multipliers is given in Eq. 6.
‫ܦ‬
The beauty of the SV formulation is that it allows for a relatively simple ranking of different engineering options on a financial basis without having to perform detailed future forecasts. If models for estimating costs based on extensive engineering attributes exist then it is relatively straightforward to link these attributes to the SV function. The only one of the SV inputs that cannot be easily given to engineers or determined by engineering analysis is the revenue per flight. However, most design choices being considered, especially rubber designs are not going to significantly affect the revenue generated. Consequently, since we are more interested in the rank order it is possible to leave out the revenue entirely. This gives Eq. 3.
It must be noted that for the cases where revenue changes for different conceptual designs, e.g. those described by Sutcliffe and Hollingsworth 10 , then this simplification cannot be made.
C. Cost Modelling
In order to capture the potential surplus value of a product it is necessary to model the costs. While there are a number of cost models available, for the purposes of this paper the authors propose that a simple, weight regressed cost approach be used. The reasons for this are multiple. One, it is not always possible to full understand the actual activities involved in the construction of a new design at the conceptual/constraint analysis phase. Two, different organisations have different approaches and regression factors for their cost models. Regardless, it is relatively straightforward to demonstrate the approach with a published approach and alter it as necessary to fit a new model. The model used for this research is the DAPCA IV model developed by RAND [13] [14] [15] and modified by Raymer 1 . It consists of estimators for the manufacturing cost and development and testing. These are given in Eqs. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The quantity (ܳ), empty weight (ܹ ), maximum velocity (ܸ) and Mach number ‫ܯ(‬ ெ௫ ), and engine maximum thrust (ܶ ெ௫ ) are the basic contributors to these costs. Quantity is also directly related to the market size, i.e. it is the sum of all the aircraft produced and sold over the course of the programme plus any prototypes that are not sold. Meanwhile, thrust and empty weight are directly related to both the constraints diagram and the sizing of the aircraft.
Operating costs are typically split into direct and indirect operating costs. These can be computed on either a per-hour or per-flight basis. Depending on which method is used, the specific value of utilization in the SV equation is either flights per annum or hours per annum. The indirect costs are generally insensitive to the design of the aircraft. As a consequence they only serve to shift the SV up or down as a constant and are not necessary to rank order different designs. As such, the indirect costs are excluded from the method presented in this paper. Regardless of the specific form of estimation, there are four basic direct costs: fuel, crew, maintenance and fees. Using models developed by Liebeck et al. 16 , the basic fuel, crew and maintenance costs are given in Eqs 20-31.
where: ߩ ൌ 6.7 
The fees themselves are strictly a function of maximum gross weight (ܹ ) and are given in Eqs. 32 to 34. ‫ܥ‬ ௗ ൌ 6.25 ൈ ሺܹ /1000ሻ
(34) with the resulting cost per flight shown in Eq. 35.
III. SV Model in Constraint Analysis
Like the RP approach it is necessary to capture the essence of an aircraft design, in a surplus value approach, without having to size and design for the entire mission. Unfortunately, given the results in Eq. it is not strictly possible to produce a single value for SV without sizing an aircraft. What can be done is to look at the factors that affect the surplus value and eliminate those that are less significant for the typical aircraft programme. Revisiting Eqs. 6 & 7 we see that the primary effectors of SV are the number sold, the utilization, programmatic factors such as discount rates and expected durations and the individual cost components. The individual cost components, in the simplified models, are all functions of a combination of ܹ , ܹ , ܹ , or ܶ plus a series of other parameters that are a function of operating speeds, payload and market size. Keeping in mind that the max take-off weight is a function of these variables, shown in Eq 36, it is possible to define ܹ and consequently 
Obviously, the problem here is that in this formulation ܹ ൌ ݂ሺܹ ሻ, this means an iteration must be performed. However, it is possible, to determine ahead of time a rough order for ܹ ൌ ݂ሺܹ ሻ. This can be refined as the actual sizing takes place. Replacing Eq. 36 with a form that is purely a fraction of ܹ , Eq. 40, allows Eq 39 to be recast as Eq 41. 
A quick review indicates that the first portion of Eq 43 is dominant ‫ܥ(‬ ), producing values that are typically an order of magnitude or more greater than ‫ܥ(‬ ி ), see Figure 1 . This gives a development cost parameter ‫ܲܥ(‬ ௩ ) that is solely a function of the wing loading. This is shown in Eq. 44. Again, one or a few components of the cost tends to dominate, for smaller production size this is the engineering and tooling along with materials cost, see Figure 2 .
For larger runs, the materials dominate. As such an airframe cost parameter can be approximated in Eq 47.
The engine manufacturing cost can also be approximated using a similar cost parameter, Eq. 48. While the development and manufacturing costs are directly related to either the wing loading or the thrust to weight ratio the operating costs are proportional to the mission being flown. The fuel consumed, and hence the fuel cost is proportional to e raised to the inverse of the range parameter.
The key is to know how ‫ܥ‬ ௨ relates to other costs. In this case a typical mission weight fraction needs to be calculated. Using Eqs. 2, 36 & 37 it is possible to estimate the ܹ for a mission, shown in Eq. 50.
A cost parameter for fuel would take the form of:
The crew costs conversely scales with block time, and has no direct relation to the range parameter. This can be represented by a crew cost parameter. Consequently a surplus value parameter (ܸܵܲ) can be developed from Eq. 7 and Eqs. 44, 47, 48 and 51-54. This is given in Eq. 55.
The result is that ideal thrust to weight and wing loading is dependent on the range parameter and the thrust to weight and wing loadings.
In order to determine the appropriate surplus value parameter response for a given aircraft the following procedure should be used: 
IV. Example
In order to demonstrate the concept of an SV parameter in initial conceptual design it is necessary to use an example of an early conceptual design process. Further, to demonstrate the applicability the results will be compared to both the typical methods taught to engineering students and McDonald's range parameter 3 . For the purposes of this study a simple, current technology 150 passenger class aircraft will be used. The basic engine and aerodynamic decks are obtained from FLOPS internal routines 4 . This allows aerodynamic and propulsion data that is slightly more sophisticated than simple , ‫ܥܨܵܶ‬ ൌ ‫,ݐ݊ܽݐݏ݊ܿ‬ approaches. A further simplification from McDonald 3 is that this example only investigates the case where the aircraft cruises at optimum altitude and Mach number. While this does not typically replicate the reality of operations it is sufficient for this example. Additionally the aircraft will be subject to four simple constraints. These are given in Table 1 . This results in a simple constraints diagram as shown in Figure 4 . The problem with this style constraints diagram is that, as most students are taught, it is impossible to select a starting design point. Each point along the Take-off constraint, between the cruise ceiling and approach speed constraints is equally valid. This isn't a problem if the user is completely indifferent to the different points, in which case the designer can choose any one of the points that lies along these lines. What happens if the designer wants to minimize the weight of the aircraft? McDonald 3 has shown that maximizing the Range Parameter approximates the minimum gross weight. For the notional aircraft the maximum range parameter point, shown in Figure 5 , is generally at a high wing loading and low thrust to weight ratio.
However, while the general trend holds the specific contours are more complex, forming closed boundaries and not just simple lines. The key is to try and find a point on the constraints boundary that is nearly parallel to one of the range parameter contours. This is shown in Figure 6 . In this case the notional design point, one that minimizes gross weight, shifts to the intersection of the take-off and cruise ceiling constraints as this is essentially parallel to the local range parameter contour. The reader should note that while this specific contour holds true for the notional 150 passenger aircraft, it is not guaranteed for every design and the user should actually use the appropriate values. This result is useful for the cases where the goal is purely to minimize gross weight. However, as Collopy and Hollingsworth 8 have shown this is not necessarily the best design for the firms producing and operating the aircraft.
Moving a step beyond the range parameter to the surplus value parameter it is necessary to define a few more properties of the aircraft and its market. These are given in Table 2 , with the resulting surplus value parameter contours shown in Figure 7 . The results are highly negative, which is a consequence of the removal of the revenue term in Eq. 7. It is straight forward to adjust these values by a simple constant if the designer feels that this is Design Point more useful. The reason for this is that we are only trading amongst different designs and not deciding on whether or not we will proceed with a programme. In this case the user wants to maximize the surplus value parameter. While in general the trend is toward higher wing loadings, it is not as sensitive to thrust-to-weight as the range parameter.
Again, in order to select the best starting design point, with respect to a first order assessment of surplus value, it is necessary to superimpose the constraint analysis on the surplus value parameter contours. Once this is done, the user seeks out the point on the constraints that is nearly parallel to the surplus value parameter contours. This is shown in Figure 8 .
Again the design point has shifted, unlike the range parameter maximizing point, which is at the intersection of the take-off and cruise constraint. The surplus value maximizing parameter is located at the intersection of take-off and approach speed constraints.
V. Conclusion
It is possible to develop an equivalent to the range parameter for maximizing the surplus value of a commercial transport. Instead of minimizing gross weight this parameter maximizes the potential return for an early conceptual design. Further, the design point suggested by this parameter does not always lie at the same point as the one that minimizes gross weight. Because of this the use of the surplus value parameter has the potential to produce a better starting point than either classic constraints analysis alone or constraints analysis plus range parameter. However, the result is just that a starting point for a fully constrained rubberised design. It is a quick what to gauge where an initial guess at thrust-to-weight and wing-loading should be placed. From this point, it is necessary to begin developing a more detailed model of the aircraft, improving both the engineering and value estimates. Furthermore, it is useful to relax or remove the constraints and further design and optimize the aircraft to maximize its value.
